The response of the cultivated grape in southern Iowa hillculture by Shubert, Moras Lyndall
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1940
The response of the cultivated grape in southern
Iowa hillculture
Moras Lyndall Shubert
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, Agronomy and Crop
Sciences Commons, Plant Biology Commons, and the Plant Pathology Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Shubert, Moras Lyndall, "The response of the cultivated grape in southern Iowa hillculture" (1940). Retrospective Theses and
Dissertations. 15252.
https://lib.dr.iastate.edu/rtd/15252
INFORMATION TO USERS 
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are In typewriter face, while others may be from any type of 
computer printer. 
The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and continuing 
from left to right in equal sections with small overlaps. 
ProQuest Information and Learning 
300 North Zeeb Road. Ann Arbor, Ml 48106-1346 USA 
800-521-0000 

NOTE TO USERS 
This reproduction is the best copy availabie. 
UMI* 

THE RESPONSE OP THE CULTIVATED GRAPE 
IN SOUTIIICRN lOY/A HILLCULTURE 
By 
Moras L. Shubert; 
A Thesis Submitted to tho Graduate Faculty 
for tho Degree of 
Doctor of Philosophy 
Major Subject Plant Ecology 
Approved; 
I  t  I  t  I t  
Ho for p£ 
Doan of Gradiiate Colle^  
Iowa State College 
1940 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number. DP13473 
UMI^  
UMI Microform DP13473 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
5D389 
5 h 91 r' 
— 2 •" 
TABLE OP COrrfEm^ S 
Page 
INTRODUCTION 3 
REVIM OF PERTINENT LITERATURE 5 
Ecological ConsicLeration of Parent Species and 
Varieties 5 
Phases of Grape Culture Pertinent to the Prohlom 11 
Vineyard Soil Conservation Techniques • • . . 16 
MTERIALS Am METHODS 18 
Planting Site 18 
Planting Materials 21 
Treatments 22 
Measurements 25 
Environmental Studies 26 
R E S U L T S  . . . . .  2 9  
Comparison of Varieties 29 
Comparison of Treatments 41 
Comparison of the Environment of the Vineyards . 58 
Climate 58 
Soil 69 
- DISCUSSION 76 
SUMMRY 85 
LITimTURE CITED 88 
ACKITOWLEDGI/EKTS 95 
Vh 
INTRODUCTION 
The problems arising from soil and moisture losses In the 
midwestern United States have, duiring recent years, been so 
frequently pointed out that they need not be discussed at 
length in this report. Much hillside land such as tliat in 
the southern Iowa loess region should be placed under special­
ly designed cultural systems or retired from cultivation. The 
numerous objections to the latter alternative are obvious. It 
is the aim of the Hlllculture project to develop the former. 
This project is officially called Hlllculture Studies in lowa.^ ' 
It vias designed as a series of experiments for the testing of 
crops and cultural practices which combine economic return 
with control of runoff and erosion. 
One crop which shows evidence of fulfilling all of these 
qualifications is the American grape. That grapes are success­
fully grown in Iowa is shown by records (63, 64) of production 
and shipments in the past. This state has an annml production 
which averages about 5,000 tons. Growers receive approximately 
45 dollars per ton for these grapes. Shipments of this fruit 
from Port Madison, Montrose and Council Bluffs during 1934 and 
1935 totalled 115 and 163 carloads, respectively for each year. 
•x-t'rojoot's 58^  of the Iowa Agricultural Experiment Station: a cd-
operatlve project between the Botany and Plant Pathology Sec­
tion of the Station and the Division of Hlllculture Research, 
Soil Conservation Service, U. S. Department of Agriculture. 
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Because grape growing was considered to be very promising 
as an Integral part of a hillculture systera of plant production 
on steep erodable land, a subproject was planned for the study 
of the response of a few representative American varieties of 
grapes to various ctiltural techniques under southern Iowa 
climate and environmental conditions. The present report is a 
record of the response of young vines in experimental vineyards 
through two growing seasons. 
f 
REVIEW OF PERTINENT LITERATURE 
The literature concerning grapes and grape culttire Is so 
volmilnous that only the more Important or more closely associ­
ated reports will be discussed. In order to systematize this 
reviev;, the literature which deals with the several aspects of 
the problem will be discussed under three separate headings. 
Ecological Consideration of Parent Species and Varieties 
Gardner et al (25) stated that the native range of parent 
grape species furnishes some indication of the probable geo­
graphic range of the forms that are brought under cultivation. 
The parentage of the seven varieties used in these experiments 
is made up of only two American species, Vitls Labrusca L. and 
Vitis rlparla Michx., and of one European species, Vitls 
vinlfera L. Coluimi 2 of Table 1 shows the parentage of each 
variety. 
Munson (42, 43) recognized the value of studying in detail 
the properties and environmental relationships of the native 
species in order to rationalize the choice of parents for 
hybridization to form new varieties. As a result of his pain­
staking work, he became one of the leading earlier authorities 
on the botany of the grape. A few of his remarks relative to 
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the throo coraponont spocios of the varlotios seloctod for 
those G^ cperiments aro of particular ocological interest. The 
following statements (not verbatuni) are his: 
Vitis Labruaoa (Fox grapo) is a stoclcy or moderately tapoi'*-
Ing vino climbing to a height of 20 to 40 feet or morej its 
roots are spreading, rather soft and fleshy, and are not deep­
ly penetrating J the vines of New England are resistant to cold 
but respond unfavorably to extreme heat or drought; it 3ho\vs 
resistance to phylloxera, but the pure native forms are not 
seriously attacked by fvingous diseases, althoitgh Concord and 
its seedlings or its hybrids with Vitis vinifera may be badly 
affected. In its pure native state it is confined almost 
entirely to the Atlantic slope east of the Alleghanles from 
Georgia to Maaaachtisetts; it Is found In rather low, moist 
sands, consequently acquiring, in some regions the common name 
"Swamp grape"; it occurs in limited areas of such low lands 
in southern Temaossee and in southern Indiana along the Ohio 
river. The importance of this species as a component of 
American varieties is broioght out by a statement (Hedriclc (32)) 
that of 2,000 named varieties, 1500 are of pure Vitia liabrusca 
or are hybrids resulting from crosses of this spocios with 
other grape species. 
Vitis riparia''^  (Riverside grape, B'rost grape) is little 
tapering, tiioderatoly branchli'jg, climbing 15 to 30 feet or more; 
its root penetration is about equal to that of Vitia Labrusca 
Vd'lomenclature after Fernald (23) 
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although the roots are fibrous, slencler, and hard. It has the 
greatest range of any American species, being found from the 
Atlantic coast to the Rocky Mountains and from Canada to the 
Gulf of Mexico; it is usually found along stream banks or 
near other sources of water; it is able to survive v^ inter tem­
peratures of -50®P« 
Vitia vinifera (European grape) grows best in a v/arm, dry 
climate; it tlirives on almost any well-drained soil and will 
grow on limestone soils where some species become chlorotlc 
and die. Its weakness lies in its non-resistance to phylloxera, 
mildew, black rot and severe cold. The distribution of this 
species is not knovm conclusively, since it has been cultivated 
for thousands of years and has been, from early times, Intro­
duced into so many parts of the world that its origin Is diffi­
cult to trace. However, de Candolle (13) gave as its probable 
place of origin the southern Caucasus near the Caspian Sea. 
The regions in which the named American varieties are 
successfully grown are indicated In a general by Dix and 
Magnoss (19) and by Vaille (65). Column VII of Table 1 shows 
the ranges indicated by these reports. Most investigators are 
In general agreement with Perold (47) who stated that climate 
is the factor of prime importance to successful grape culture 
and that other Influences, such as soil type, are secondary. 
Gardner et al (26) assumed that temperature is a significant 
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factor In restricting the distribution of varieties. Accord­
ing to them, the northern limit for Iiahrusca grapea in the 
Miasissippi valley is set by minimum v;intor temperatixce which 
results in the winter-killing on canes and roots, and the 
southern limit is set by combination of moan and moan-maximimi 
temperatiu^ e of July and Avigxist which prevents the friiit from 
matiu'ing properly. Vaile (65) has recently discovered that 
within t}io state of Arkansas there seems to be a distinct 
zoning caused by differences in climate and soil type, and 
tliat where certain varieties show unovenness of ripening in 
the Ozark Plateaii region, this defect is more serious in the 
eastern and soxithern parts of the state. This may be largely 
attributed to tomijerature effects, since reference to climatic 
data maps (34) reveals that mean summer temperature of north­
west Arkansas is the lowest for the state. 
I'hero has apparently been insufficient study of the mois­
ture relations of grapes. Although merely indicative of an 
observed minimuia moisture requirement, Beach (8) reported that 
in Colorado irrigation was not necessary where summer rainfall 
was 20 inches or more. li^ om this it may be assumed that he 
conaldors 20 inches of sumraor precipitation as approximately 
the lowei* limit of the moiatiire requirement of grapes. This 
amount would depend to some extent, however, upon the drying 
conditions and precipitation tJiroughout the whole year. 
Hendrickson and Veihmeyer (33) found that, with two varieties 
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of European grapes, growth proceeded. In a normal manner as 
long as sufficient moisture was supplied to the soil to pre­
vent it from romainins at the wilting percentage for any 
great length of time, lliis is in general agreement with 
other findings (54, 66, 67) with respect to the moisture re­
quirement of plants other than grapes. Munson (43) observed 
that both American species mentioned above need more moisture 
than does the European species. 
Tlie requirements as to soil type and fertility do not 
appear to be very strict, but according to nearly all of the 
numerous reports consulted, adequate drainage is of great 
importance (41) (53)» Gardner et al (25) have stated that, 
when soil is relatively heavy, a broken terrain which permits 
good surface drainage is desirable. Under-drainage apparently 
insures good aeration of the soil and both of these factors 
are controlled largely by the amoimt of non-capillary (large) 
pore apace and capillary (small) pore space per unit volume 
of soil. Stevenson (61) emphasized the importance of deter­
mining soil aeration, stating that orchard soils should have 
not less than five to six per cent of non-capillary pore 
space in addition to the capillary pore aimce, and that this 
amount should be 10 to 10 per cent "over and above the space 
occupied by water at field capacity." Schuster (52) concurred 
with this, fiirther pointing out that nut trees may be unable 
to obtain available v/ater from a soil layer which has been 
•• xo 
water-logged at some time diiring the year. 
Weaver and Gleraonta (71), in a discussion of the value 
of sttidying roota of plants mder natural and cultural condi­
tions, pointed out that the onvlronmont of the soil Is more 
under tho control of tho grower than la the environment above 
ground# Dlevortheloas, until tho last two decades, there had 
been very few published results of thorough studies of the 
root system of fruit plants. Rogers (49) has recently pre­
sented a survey of the litersttire pertaining to this subject 
which contains only a few reports of detailed stxidies of grape 
roots. Goff (26) seems to bo one of the first to have care­
fully excavated and described the root system of a cultivated 
grape. He studied the root system of a Niagara grape in 1897 
and found that the absorbing roots were at a depth of 18 inches 
or lower. He explained that the roots which had started to 
develop in the upper layers had died either because of winter­
killing or as a restilt of tho severe droughts of 1894 and 1895. 
In 1922 Colby (15) reported on grape root observation in 
Illinois. Ho foxmd that there was an apparent relationship be­
tween parentage of the five varieties studied and the depth of 
rooting. Those of pure Vltls Labrusca parentage load tho shallow­
est roots, while those of V. rlparia or V. aestivalis parentage 
had deeper roots; Delaware, a Labru3ca-bourq\tiniana-vinifei''a 
hybrid had tlie deepest root system. 
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Buchanan (9) seems to have been one of the earliest vine-
yardista in this country to observe tliat the American varieties 
needed a larger feeding area than was customarily alloted to 
European grapes, which were planted as close as 5-^  x 4 feet. 
He thotight that a spacing of x 7 feet would be more satis­
factory for American varieties. It is now generally accepted 
that the spacing should be 7 x 8 to 10 x 12 feet, depending 
upon the conditions of soil and climate. That itiattire vines 
may absorb moisture and nutrients over an even larger area 
is demonstrated by the difficulty in establishing new vines 
in an old vineyard. Partridge (46) set a row of new vines 
half-way between two rows of mature vines spaced twenty feet 
apart. There was stich strong competition that the new vines 
were unable to grow enough in five years to reach the lower 
wire of a trellis. 
Phases of Grape Culture Pertinent to the Problem 
Moat grape growers have for many years considered it as an 
accepted rule that the vineyard must be kept strictly clean-
cultivated during at least part of the growing season. Maroger 
(40) went to an extreme on this point, it seems, when he advo­
cated a shallow cultivation be made each week for nlno months 
of the year. However, most growers in this country follow a 
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program similar to that outlined by Partridge (46) who advised 
shallow spi'ing plowing, followed by such cultivation as is 
needed to keep the soil loose and to prevent weed growth until 
vino growth ceases in late July or August. 
There seem to have been very few attempts to determine how 
much cultivation is actually required by vines. Favirot (22) 
included a series of aod-niulch treatments in his experiments 
with vineyai'd soil-management practices. He concluded that 
where no cultivation was given, only unsatisfactory results 
were obtained, oven though fertilizer or manure was added. 
Studies of orchard fertility as affected by culttiral practices 
in Pennsylvania (3, 55, 75),however, indicate that sod culture 
with certain modifications has a great beneficial effect on 
htunus conservation, biological activity, and porosity of the 
soil. Under these conditions nitrogen should be added through 
fertillaation or systematic rotation with a legtiminous crop, 
and the sod should In either case be occasionally torn up. 
V/lth regard to the use of cover crops, it is sufficient 
to point out that most modern treatments of the subject agree 
that a vflnter cover crop planted at the cessation of vine 
growth In late summer and turned under in the spring will aid 
the soil. 
Hamilton (2G), reporting on a Soil Conservation Service 
orchard confei^ ence, said that it was decided that the applica-
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tlon of mulch as an erosion control measure in orclmrds and 
vineyards should receive more attontlono Particularly is this 
true where permanent sod or semliDermanent cover crops are diffi­
cult to maintain and where raolst^ •u?e is limited. A review of 
the llteratiAre indicates that only a very few studies liave been 
made to determine tho value of organic uiulches in the vineyard. 
According to Wlggans (73), mulched vines at Lincoln, Nebraska, 
averaged 25 per cent more shoot grovfth than did vines growing 
under clean cultivation, \vhlle the addition of nitrate fertili­
zer gave about 10 per cent additional growth. Nevertheless, 
yields were not quite so large from mulched blocks as were those 
from cultivated blocks. As would be expected, a nitrogen sup­
plement seemed to be ineffective In compensating for the lower 
fruit production. In a later paper (74), he reported that dur­
ing 1935 soil samples were taken throxighout the year in the 
mulched, non-mulched, and adjacent field plots. Data were ob­
tained to show that there was more moisture \ander tho mulched 
grapes tlmn in the adjoining field where only annual crops had 
been grown. Subsoil molsbtu?e records showed that laulchlng re­
duced water loss through run-off and stirface evaporation to 
the extent that sufficient moisture was available to the vines 
at all depths during the entire season. Paurot (22) obtained 
overproduction of wood and unfrultfulness from the continuous 
use of straw with grapes. 
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Tliere are a fev; published rosulfcs rogarding certain proper­
ties of mulches that should bo reviewed ovon though the findings 
were not jtiade uxider vineyard conditions. Doth Lowdormilk (38) 
and Auten (4) found tliat forest litter, which might be considered 
a natural luvilch, greatly increased the water-absorbing capacity 
of the soil. Havis and Gourley (30) obtained similar results 
and found that where the infiltration rate was highest, the 
volume-weight of the soil was lowest. Duley and Kelly (20) 
reported that a mulched soil had an infiltration rate similar 
to or possibly higher tlian that obtained when the soil was 
covered with a densely growing crop. They further stated that 
the total intake and the high rate of intake seemed adequate 
for an amount of rainfall likely to be received during any 
rainfall period in Nebraska. Musgrave (12) showed that manure 
or aweetclover hay significantly reduced both run-off and ero­
sion. 
Langord (37) found that the soil moistxire content between 
six- and twelve-inch depths under sod (Kentuclty bluograss), 
cultivated, and straw mulch plots was respectively 9.2, 12.4 
and 14.7 per cent. The effect of mulch on Rome Boau.ty and 
Oldenberg apples was reported by Magness et al (39). '.Qiey 
found that the fruits were larger on the mulched plots than on 
the non-mulched plots where there was no irrigation, but that 
mulching had no effect on size of fruit where the plots were 
irrigated, since molstvire did not seem to be at a controlling 
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level In the irrisatod plots. 
Clements et al (14) obtained root systems of honey locust, 
soft maple, "boxolderj elm and ash vjhlch wore larger, more pro­
fusely "branched and characteristically near the surface where 
competition with grasses had been reduced by mulching* Yocvun 
(77) also observed similar effects with apple trees and recom­
mended that mulching of a young orchard should be withlield 
until the trees were at least tviro years old, so that the roots 
would develop at deeper levels. 
That mulches may be Important to the maintenance of avail­
able minerals in the soil is shovm by Wander and Goui'ley (70), 
who foimd that under a heavy mulch treatment for 22 to 38 years 
with no added potash except as contained in the mulch, available 
potassi-um to a depth of 24 to 32 inches was very high, but under 
cultivation with cover crops it was low, while imder adjacent 
sod, it was intermediate# Lyaimeter studies in Nevj York (16) 
showed that the growth and decompoisition of cover crops made 
available a quantity of phosphorus and potassium equivalent 
to 100 pounds of superphosphate and 200 pounds of muriate of 
potash. Salter and Schollenberger (51) warn that straw and 
other such organic materials low in nitrogen will cause deple­
tion in the amount of nitrogen available for plant growth, 
since the microbial population of the soil is increased to a 
point where it competes with the vegetation for nitrogen unless 
a nitrogen fertilizer is applied. 
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Vineyard Soil Conservation Tecliniques 
According to Bregger (10), there was some contom* plant­
ing in the United States as early as 1895, and there are prob­
ably more than 50,000 acres of orchards and vineyards planted 
on the contour at the present time. However, total acreage 
of contour-planted grapes makes up a very small fr'action of 
the acreage which should receive this and other special ero­
sion control treatments. Gustafson (27) stated that the 
vineyards of the eastern states pi'esent a special problem be­
cause they are generally clean-cultivated, and are often 
planted on steep slopes or on soil which is very erodibleo 
He shows a picture of a contour vineyard on a 31 per cent slope 
which suffered very little damage during a heavy dovjnpour in 
Jtily, 1935. He also mentioned tliat vifhen vineyards are planted 
on the contour, bench terraces will be developed by ordinary 
tillage operations. 
Smith (60) describes an orchard at Leesburg, Virginia, in 
v;hich one row of apple trees was on the exact contotir, ^ vliile 
those on either side of it were spaced at a constant 30-foot 
surface distance between rowsj as a result, the guide row was 
the only one which was level tliroughout. In a few years the 
trees on the level row were distinctly larger. Borst and 
V/oodburn (9) tested the effects of artificial rain applied at 
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cloudl^ ursb Intensity to plots of corn planted up-and-down 
hill, on the contotir, and on the contour with a soybean lnter~ 
crop. Viliere one inch of rain -was applied in 15 minutes, near­
ly 50 per cent of it was loot as run~off from the non-contoured 
corn while only 8 per cent was lost fi'ow the contoured plot and 
none was lost from the contoui'ed plot with soyheans. Tlie 
furrows were hand made, so were much "better than could be con­
structed by ordinary field methods. But even where the furrows 
overflowed, as would often happen in the field, the water move­
ment was slowed down enough to allow partial sedimentation. 
Although several publications (6, 27, 46) have given at­
tention to the evils of erosion in the vineyard, the protec­
tive measures described have largely been the use of check 
dams, aod in gullies, discontinuance of cultivation, or abandon­
ment of the worst affected parts. The first detailed experi­
ments with erosion control methods for vineyax-'ds seem to be 
those under the dii'ection of Lamb (35, 36) in New York. His 
preliminary data indicate tliat the loss of soil and moisture 
is greatly reduced where the rows are on the contour. Vfliere 
certain cover crops are used as a supplementary control measure, 
there aeoma to bo no significant reduction in yields as compared 
to yields from clean cultivated plots. 
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MATERIALS AND METHODS 
Planting Site 
The o:cpei'imontal vineyards are located on tho Hillcultiir-e 
Exporimontal Pam neai'* Ploris, inf Davis County,', lov/a. Tlie 
! 
vineyards are nmibored from one to five and are located by 
ntunber in Pigiire 1« I'^ oin this map a general idea of the 
direction as well as the degree of slope may be obtained by 
examination of the contour lines, which represent ten-foot 
vertical intervals. It can bo seen that the slopes are mod­
erate to relabively steep (varying from 9 per cent to 23 per 
cent) and that the exposure varies from west through south 
to oast. However, vineyard number 5 has a gentle northeast 
slope. 
Tlie soil in all of the vineyards is chiefly Lindlsy loam, 
which is derived from Kansan till (11)• Tho soil type is of 
considerable Importance in aotithern Iowa, particularly from the 
standpoint of erosion (69)» Developed londer timber, it is 
subject to severe erosion vdhen cleared and cultivated. The 
soil of a small portion of each of the vineyards 3, 4 gnd 5 is 
Clinton silt loam. This soil, derived from the remnants of a 
deposit of loess which was mostly removed from the slopes by 
- 19. — 
HILLCULTmiE 
EXPERII^ HTAL PARI/I 
3ITE 7 
DAVI5 COUNTY 
3EC5. i5,t6.ZI,XTOr4, RISW.f iliRM 
167 A C R E S  
SCALE >"«400' 
Plguro 1. Areas enclosed by dotted lines are locations 
of the exporimontal vineyards designated by 
the number within each area. The .contoiir 
lines represent ten-foot vertical 
intervals 
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erosion, is foxmd on fcho tojjs of tlie hills and on the more 
gently sloping ridges. 
The top soil on those slopes, which have boon cultivated 
and abandoned since clearing 50 or more years ago, has been 
50 to 100 per cent removed. Consequently, the soil is rela­
tively low in fertility (11) and moderately to rather highly 
acid (a pH value of 5.2 to 4.8 is common). 
Preparation of the planting site included the plowing of 
furrows on the exact contour. ITie procedure followed was simi­
lar to that outlined by Ayres (5) for the construction of 
"contour ridges." The main exception was that an ordinary 
breaking plow was used where Ayres suggested the use of a 
terracing plovj. Tlie furrows in which the vines were planted 
were spaced without regard for vertical intervals so that they 
wei-'e not less than nine feet apart on the steepest portion of 
the slope. Yihere they were 18 feet or more apart for any con­
siderable distance, short rows (coitroonly called "point rows") 
were made between them. Only a single furrow was thrown down­
hill before planting on most of the rows, but on a few a second 
furrow was turned toward the first. Figure 2 shov/s the furrows 
at planting time on parts of vineyards 2 and 3. 
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Figure 2» Showing the appearance of the contour 
furrows prepared for planting of the young 
vines. Part of vineyard 5 is shown in the 
foreground and part of vineyard 2 is shown 
near the center of the picture. 
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Planting Materials 
A list of tlio seven varieties of American grapes used in 
these exporirnents may bo foiand in Table I which incltides a 
partial description of the varieties as well as the nmber of 
each variety planted. It will be immediately apparent to those 
familiar with grapes that the varieties selected for this study 
are representatives of the better known varieties. At least two 
of them. Concord and Niagara, are usually considered as the 
standards for comparison for black grapes and white grapes 
respectively. This list does not necessarily include the best 
varieties and these varieties are not particularly recoinmended» 
Sovoral of those grapes may prove unsatisfactory for extensive 
planting In southern Iowa. It is worthy of mention that Shepard 
(56) has recently claimed that there are several varieties be­
ing tested in Missouri which will surpass the standards set by 
Concord, for example. In qtiallty, productiveness, or other 
propei'tios. 
On vineyards 1, 2 and 3 only Concords, Diamonds and Luclles 
were used. These were planted in randomized groups of six vines 
of each variety in the rows, a sufficient number of groups being 
used to fill the rows. On vineyard 4 the vines were planted in 
groups of five of each variety, and all seven varieties were 
planted. Vineyard 5 also contains all varieties except Beta, 
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Table I. Partial Description of Varieties Used 
These Experiments 
in 
• n 1 ;II(19,f36)l 
t 
« 
111(19,65) 
9 
IV (19,65)! 
• 
V(19,65) 
t s 
: VI : 
t _ • 
VII (19 
:Probabie 
Variety :Species 
:Parentage^  
• 
• 
Varietal : 
parentage : 
« w 
: 
• 
Originator: 
« 
• 
State and{Vine i 
Date of {Vigor : 
Origin : ; 
• 1 « « 
Apparen'' 
Region 1 
Adapt at: 
Black grapes; 
Concord to Seedling 
of V. 
Labiaxsca 
Ephraim 
Bull 
Mass« 
1349 High (65] NC-SC 
Worden I.a Soedlirig 
of 
Concord 
Schuyler 
Worden 
H. Y. 
1865 Medium NC-SC 
Beta Ri-La Carver x 
Concord 
Louis 
Suelter 
Minn. 
1881 Lov; i N-NC 
Red grapos; 
Lucile La Seedling 
of 
V/yoming (1) 
J. A. 
Putnam 
II. Y. 
1890 •MM 1 NC-C 
Agawam La~V Carter x 
Black 
Homburg 
E. S. 
Rogers 
Mass* 
1885 Medium NC-SC 
VWiite grapes: 
Diamond I^ a-V Concord 
X 
lona 
Jacob 
Moore 
N. Y. 
1870 Medium NC-C 
( 
Niagara La-V Concord 
X 
Cassady 
Hoag and 
Clarke 
Y. 
1872 High 
1 
i NCr-SC 
1. Ktunbors iii parontheaos refer to sources of information In.^  V" a' 
Literatiare Cited. cr. 
2. Laa Vitis Labriisca> Ri = V. riparia, V = v» vinifora, s. Rene 
5» ifVliore both asterisks and Heacrlptive words' are' tiaed"i' lio'v 
asterisks indicate relative vigor or lateness of ripening 6» In c 
on an increasing scale from to , seas 
7. h « 

a^rletios Usod In 
• • a 
) ,65) iv (19 ,65)  : VI 1 
: . i  I 
VII (19)  VIII IX X ;XI i 
« • 
:State and 
latorrDate of 
;Origin 
• * 
Vine t 
Vigor ? 
• 
1  J 
Apparent 
Region of 
Adaptation 
Average 
5Blooming 
[Date 
• 
Aver'ai;;e 
Ripening 
Date 
Use' ;Number : 
(19) '.Planted 
• » 
• « 
• • 
• * 
a.lm 
all 
Srler 
i?den 
Mass* 
1849 
H. • Y. 
1803 
s Minn, 
eliier 1881 
.tnam 
gors 
.b 
)ore 
; and 
.arke 
Y. 
1890 
Mass< 
1885 
N. Y. 
1070 
N. Y. 
187S 
High (65; 
Medium 
Low 
Meditun 
Medium 
High 
NO-SC 
NC-SC 
H-NO 
May 28(56) -SHH^ ig) h.ra. 
M (65) Sept.1(56) d.w. 
M (65) 
KO-C 
NC-SO 
NC-C 
NCfSO 
May 25 
M 
May .23, 
May 29 
Mt 
May 27 
June 3-
M 
May 29 
M 
•SHi-
Aug. 21 
H 
bopt» 18 
ME 
Sept, 8 
Sept) 
M 
9 
Aug. 15 
Iffi 
jources of Information in 
Avig< 
MK 
21 
h.d. 
lUV), 
h.d* 
h.d» 
m.w» 
h*m» 
d.w. 
h*in« 
d. 
1000 
200 
100 
1000 
300 
1000 
500 
4» N ® northern states, NO ® north central otatos 
SO " south oentijal atates, C « central states. 
5* Reported as May 3, but there is reason to be­
lieve that this was a typographical error, 
or lateness of ripening 6» In column IX the letters M and ME refer to mid 
. season and early midseason respectively. 
7. h " home, d « dessert, m ® market, w • wine. 
;'la, V = v« vinifera. 
iTvo words" are usedV the 
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but tliey vjere planted in irregular groups, since they were 
th© last planted and there was an unequal number of each 
variety roitiaining. Tho tops of the vines were pruned to two 
buds and the roots vore pruned to approximately seven inches 
before they were set in the plowed finrows. 
Treatments 
If some of tho treatments used in these experiments seem 
radically unconventional and obviously unsatisfactory, it 
should be borne in mind that the motive was to discover some 
cultural system v;hich would give soil and water conservation 
along with satisfactory vine growth and yield of fruit. As a 
means to this end, a series of tliree basic degrees of cultiva­
tion, described below, was tised to control varying amounts of 
ground cover. 
Clean c-ultivatlon 
All weed growth between the vines was reduced to a mini­
mum by frequent cultivation from tho beginning of the growing 
season until the first part of August, For this work the soil 
was plowed with a single-bottom turning plow at the beginning 
of tho first season (1938); tho furrows were thrown toviard the 
vines. Subsequent cultivation was done with an Oliver reversible 
disc liarrow and with two-shovel and five-shovel one-horso cultl-
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vabors. On this treatment and on partial oviltlvatlon, do-
scrlTaed below, the original furrow was filled by processes of 
cultivation. For this reason It became noceaaary to construct 
a new furrow approximately midway between the rows. Tills furrow 
can be seen in Figure 3. 
Partial cultivation 
Approximately one-half the area between the rows was kept 
clean-tilled. Tills part of the inter-row space la that between 
the vines and the inter-row ftirrow, mentioned above. Tlae steep­
er surface betv/een the vinos and the fxirrow below is kept under 
permanent vegetation. A treatment similar to this was used in 
a vineyard in West Virginia and was reported (7) to give sat­
isfactory yields. 
Minimum cultivation 
This is somewhat like the sod culture system mentioned by 
Faurot (22). The soil Immediately above the row of vines was 
loosened once at the beginning of each season by making one 
plowed fxxrrow. Otherwise the vines receive only an occasional 
hand hoeing immediately around each vine. 
Figures 3 and 4 show the appearance of those treatments 
early in the second season (1939). 
Cover crop and mulch treatments were Integrated with 
these treatments in such a way that in all there v/ere six dlf-
23a -
Plgiire 3. Detailed view of clean cultivation 
in vineyard 1, showing the furrow 
•between the rows. 
Ql p.flp- Parntial-^ -^  _ _ Clean „?apwial 
Figure 4« Panorama of vineyard 2, showing treatments 
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foront treatments on oach of vineyards 1, 2 and 3* Cover 
crops consisted of cowpeas, winter rye, and volunteer weeds* 
\%iere cowpeas were used, thoy were planted the first part of 
AxxQUsb then wore disced under during the last part of Septem­
ber, at which time v/lnter rye was planted on all cultivated 
areas. In 1939, however, winter rye was not planted, since 
on most areas which had been cultivated \mtll August a stand 
of grass, largely crab^ rass (Sanguinaria sp.), and other 
weeds had formed an adequate groimd cover so tliat it was not 
considered necessary to plant rye. 
Mulches, which were applied in November each year, con­
sisted of oat straw, wheat straw, sweetclover cuttiugs, and 
other such material as could be obtained# 
The permanent vegetative cover used in the partial and 
minimum cultivation treatments was a mixture of Korean 
lespedeza (Lespedeza stipulacea Maxim.), Kentucky bluegrass 
(Poa pratensis L.), Canada bluegrass (P. compressa L.), red 
(AgJ^ oatis alba L.), and a number of volmiteer weeds of 
which ragweed (Ambrosia artemislifolia L.) was by far the 
most frequent. Lespedeza and grass mixtures were drilled in 
whore there was not already a heavy cover. V/liere there was 
danger of gullying due to over-topping of the fxu'rows by rain 
water collecting in occasional low places, sod drainageways 
were constructed. In a few places the sod was supplemented 
or replaced by seeding a mixture of legumes and grass. 
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llio treatraonts on vineyard 4 were of tho same type as 
those on vineyards 1 to 3 diirlng the 1938 season, but in 1939 
a series of mulch troatuienta was begim on this vineyard and 
on vineyard 5, which had always been under partial cultivation 
and mulch. For this rQaoon, the second year moasuroments on 
these latter two are not comparable with those of the first 
three vineyards. 
The same system of pruning was used for all of the grapes. 
In the early spring of 1939 the vines were cut back to two 
buds. V/hen the shoots started to develop in May, one shoot 
was selected Tor the permanent triinlc of the vine, and all 
other shoots or buds were removed. The vines were noxt pruned 
In November', 1939, at which time they were completely dormant. 
At this time all vines large enough for trelllsing were pruned 
according to the foiir-afm Knlffln system (21). Vihen the main 
trunk had not developed "sufficiently, i.e. it load not made at 
least four feet of growth, the vine was again cut back to two 
buds. 
Measuromenta 
A series of measurements of vegetative growth was used as 
a criterion for Interpreting the response of the several varieties 
to cultural treatment, soil, climate and any other local condi­
tions. Data on the survival and grov^ th of each of the 4100 
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vinos on all five vineyards were obtained in the fall of each 
year. In Novemher, 1930, all canes 30 inches or moro long 
were measured, the total length and number of such canes be­
ing recorded for each vine# The relative vigor of each vine 
was recorded on an arbitrary basis at that time. Since the 
mulch was not applied until after the measurements wore made, 
the 1938 records for clean plus mulched treatments have not 
been used in this report. In June, 1939, a detailed measure­
ment of new growth was made of the vlnea in vineyards 1, 2 and 
3. Since grov^ th started the first week in May, the shoots 
were approximately five weeks old. The basal diameter, total 
length, and number of nodes of the main shoot and the total 
length of all side branches six or more inches long were de­
termined. Notes on the general vigor of each vine also were 
recorded. In November, 1939, the vines were pruned and laid 
down. The total weight of prunlngs for each variety-group 
(five or six vinos) was obtained* 
Environmental studies 
These studies include the determination of soil and cli­
matic conditions. A system of periodic soil moisture sampling 
vms followed and other determinations of such soil charactoris-
tics as acidity, field capacity and total porosity were made. 
Climatic data Include local records from stations situated on 
each of four slopes. These stations, described by Aikman (1), 
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are each equipped with instruments which show a record of air 
and soil temperature, maximum and minimum air temperature* 
relative htimidity, evaporation, wind movement, and precipita­
tion, One recording rain gauge is also \ised for the determin­
ation of rainfall intensity for short periods during a storm. 
Figure 5 shows station 4- which is located on a south slope in 
vineyard 1» Data reported from the nearest Vi/eather Bureau 
Station at Bloomfield, lov^ a, wore also used. The records from 
the two sources are not strictly comparable, since the instru­
ment set-ups are somewhat different# For example, the thermo­
graphs and anemometers at the experimental farm are installed 
nearer the groimd than ai'e those of the V/eather Bureau Station 
on the assumption that temperatures near the soil surface are 
of more vital importance to plants* The local climate was 
classified according to Ihornthwaite's system. 
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Plgiiro 5» Arraii£50meni; of Inatruments In Sliatlon 4. 
The instriAment bo the left in the pic­
ture is the recoi'ding rain gauge; in 
the center is an anemometerj to the 
right is the shelter for instruments 
which record teraperattire and relative 
humidity. The grapes shown are under 
minimum cultivation at the end of their 
season* 
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RESULTS 
Comparison of Varieties 
The first series of vine growth measurements was made in 
November 1938, at the end of the first growing season in the 
vineyards. The records of these measurements are summarized 
in Tahlo II In such a manner as to facilitate the comparison 
of varietal development. 
The first column of the table shows the percentage of 
vines of each variety which produced at least one cane 30 or 
more inches in length* No canes shorter than this were measur­
ed. In this column and in each of the others where "fill treat­
ments" la indicated, the means and percentages have been 
weighted so as to partially eliminate the disproijortlonato 
influence of unequal numbers in the various groups included. 
The table shows that a consistently larger percentage of Con­
cords than of either Luclles or Diamonds produced satisfactory 
growth (indicated by an arbitrary minimum of one cane 30 
inches long). In the same way It can be seen that Diamonds 
showed better performance than Luclles. A comparison of all 
seven varieties on this basis shows that, while these three 
varieties seemed to show relatively poor development, they 
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held the same rank with respect to one another. These data, 
however, should not ho given too much importance, since thoy 
wore obtained from only a part of one vineyai»d, vineyard 4, 
and since that vineyard was not so thoroughly cultivated as 
were vineyards 1, 2, and 3. The small proportion of all 
seven varieties to produce satisfactory growth reveals that 
the data must bo regarded as only slightly indicative. 
The average in the second column of Table IX show the 
mean number of canes produced on the basis of miraber of vines 
which were measured. Althoiigh the differences between varie­
ties are small, they should not be dismissed as being totally 
insignificant. Similar to the first column the relationship 
of the numerical values is quite consistent, but it is apparent 
that Lucile ranks almost equal to Concord in this respect, 
while Diamond has the lowest average. It will be shown later 
that Lucile made almost as much growtla at the time as did 
Diamond when all factors are considered. V/liere all seven 
varieties are concerned Beta seems to have an exceptionally 
large average number of canes, but this high value is due 
largely to the Influence on the mean of a few vines which pro­
duced an average of nearly five long canes each. 
It is doubtful whether there are any significant differ­
ences in mean cane length as shown in the third colrain. These 
means were calculated by dividing the total length of all 
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Table II. Sutimiapy of Moaauroraenfes >iade in November, 
1938, Arranged for Comparison of Varietiea 
: :Vines sCanes, iCanos, :Vinoa rrotai ntwiiDor 
Treatment:Variety:Mea3ured:Averago:Averago;Dead ;of vinoa 
: :HtQnber iLer^ th ; 
; ;Por cerit; in» "~tPer cent; 
Vineyards 1,8,3 
Glean Concord 57 2.3 37.9 1.1 95 
Diamond 27 1.6 33.5 8.6 91 
Lucile 19 2.2 36.4 3.3 90 
Clean Concord 51 2.0 32.4 11.5 74 
plus Diamojid 30 1.2 39.8 7.0 86 
cowpeas Lucile 14 1.5 31.3 3.3 90 
Partial Concord 53 2.1 o4« 0 4,8 162 
Diamond 28 1.4 32.9 6.5 137 
Lucile 24 1.8 35.6 3.5 142 
Partial Concord 52 1.4 34.8 7.2 83 
plus Diamond 20 1.1 33*0 4.6 68 
cowpeas Lucile 17 1.4 35,4 5.6 77 
Miniimm Concord 3. 6 1.0 34.0 11.7 137 
Diamond 0, 9 1.0 30.0 5.1 114 
Lucile 0. 8 1.0 30.0 10.6 130 
All Concord 44 1.8 35.0 6.4 610 
Diamond 25 1.3 34.0 5.6 536 
Lucile 16 1.8 34.9 5.1 578 
Vineyard 4, rows g to IS 
Agawara 15 1.9 37.0 7.5 121 
Beta 18 3.8 42.3 12.2 90 
Concord 13 1.8 36.3 14.0 100 
Diamond 7 1.6 33.7 7.0 115 
Lucile 5 1.5 36.0 17.5 120 
Niagara 20 1.7 36.6 14.5 145 
\¥ordon 8 1.6 38.9 19.1 110 
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canos ovor thirty Inches long by the total nmiber of canes 
measured. Tho Individual measurements from which tho means 
Yi/ore calculated had a largo degree of variation. 
Tho peroentages of vines reported dead at the end of the 
first season (fourth column) probably do not reflect differences 
in variety response or treatment effect. It is probable that 
many of the dead vines failed to survive because of improper 
handling or becaxise of weakened condition at the time of 
planting. 
Vfliile the differences in growth as indicated in Table II 
seem relatively great, it should be remembered that the above 
data are based on vine growth tlirough only one season. Fig­
ures 6, 7, and 8 show the growth of Concord, Diamond and Lucile 
under clean cultivation. 
In Table III the moans for total shoot length per living 
vine as measured in June, 1939 ai'© compared. Since all tho 
vines had been pruned to two buds in the early spring of the 
year, the new growth, v;hlch began the first week in May, was 
approximately six weeks old at the time of measurement. At 
this time all ahoots but the one saved to form the vine trunk 
had been removed. Examination of the table shows that the 
differences between the means of the varieties were in general 
significant or highly significant, that is, the odds were 
twenty to one or one hundred to one, respectively that the 
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Table III. Comparison of Variobios on Basis of 
Shoot Longth in June, 1939. 
Treatment 
4 K 
* o 
:Variety : 
• • 
* • 
Mean 
(in.) 
« » 
• • 
rVariety ; 
9 9 
• • 
Mean 
(In.) 
;Mean 
:Difference 
: (in.) 
Clean 
ctiltivation 
Concord 
Concord 
Diamond 
39.5 
39.5 
26,5 
Diamond 
Lticile 
Luclie 
26.5 
24.3 
24.3 
13.0-;fr«-
15.2-:t--
2,7 
Clean plus 
mulch 
Concord 
Concord 
Diamond 
39.1 
39.1 
33.4 
Diamond 
Lucilo 
Lucile 
33.4 
26.1 
26.1 
5.7 
13.05H:-
7.3 
Clean plus 
cowpoas 
Concord 
Concord 
Diamond 
41.2 
41,2 
29.0 
Diamond 
Lucile 
Lucilo 
29.0 
21, 5 
21.5 
12.2-«"i!-
19.7^ h:-
7.5^ t-
Partial 
cultivation 
Concord 
Concord 
Diamond 
41.6 
41.6 
31.1 
Diamond 
Lucile 
Lucile 
31.1 
27,6 
27.6 
10.5-5!":;-
14. OX"!!-
3.5 
Partial 
cultivation 
plus cowpeaa 
Concord 
Concord 
Diamond 
41.7 
41.7 
31.1 
Diamond 
Lucile 
Lucile 
31.1 
25.2 
25.2 
10 . 6w'»5-
16,5^ Ht 
5.9 
Minimum 
cultivation 
Concord 
Concord 
Diamond 
24.5 
24.5 
20.9 
Diamond 
Lucile 
Lucile 
20.9 
15.4 
15*4 
3.6-x-
9.1-5J"):-
5,5-JHi-
All 
treatments 
Concord 
Concord 
Diamond 
37.4 
37.4 
28.0 
Diamond 
Lucile 
Lucile 
28.0 
23.2 
23.2 
9.4^ J":J-
14. 2-^ "^ -
5.8iH5-
Sigriificant 
•iHs-Highly significant 
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Pigxa-e Q, Sliov/ing ConcoMs (foregro'imd) at tlie 
ond of tho fipst soaoon imdor clean 
cultivation. 
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Figure 7. Showing Diamonds In the forogrotmd at 
the end of the first season londor clean 
cultivation. 
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Figure 8. Showing Luciles (forogroimd.) at the 
end of the first aeason imder clean 
OAiltivation. 
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differences Mvere not merely duo to sampling error. On© 
interesting outcome of the statistical analysis of these 
data was tliat the mulched treatment showed the greatest 
variance between individual measui'ements, Tlie variation was 
probably caused by several factors, the most important of 
which have been the lack of homogeneity of the mulching 
materials# It load been planned originally to use a mulch 
composed of grain sorghuin stalks between the vinos and to 
spread atravj immediately aroxmd the vines# This plan was 
adlaored to in vineyard 1 and most of vineyard 2, but a shor­
tage of the sorghum stalks made it necessary to use straw 
only on the rest of the plots# 
A summary of all of the measurements made in June, 1939, 
is shown in Table IV. The data found under "Basal diameter" 
were obtained by measuring the shoots in eighths of an inch 
at the first internode and indicate that as a rule Concord 
produced the largest canes, while Diamonds were nearly as 
large. Luclle canes had the smallest diameters of the tliree. 
It appears that the Diamond variety produced a slightly greater 
number of nodes than did either of the others, but as will be 
shown later, its average length of internodes raailced between 
Concord and Luclle. The average number of nodes was found by 
dividing the total luimber of nodes by the number of shoots# 
The moan length of aide branches was obtained by dividing the 
total length of all side branches which wore six Inches or 
Table IY» Srmnsapy for All Replications of Variety-Treatment Measxirements 
of June, 1959 
Treatment 
;Kumber :Shoot Length;Basal Diam. :No. of Hodes ;Side Branches : dumber Dead 
Variety;of :Total Iflean :Total Mean :Total Mean ;Total Mean :Total Per 
:Vines ;(in.) (in.) :(l/8 (1/8 • a :(in.) (in.) • • Cent 
• • ; in.) xn. i • • • • 
Clean Concord 93 3670 39.5 280 3.0 1056 11.4 1766 19.0 1 1.1 
Diamond 86 2281 26.5 221 2,6 964 11.2 908 10.6 9 9,5 
Lucile 85 2063 24.3 171 2.0 978 11.5 484 5.7 3 3.3 
Totals 264 8014 672 2998 3158 13 
Means 30.3 2.5 11.4 12.0 4.7 
Clean Concord 70 2885 41,2 217 3.1 799 11.4 1237 17.7 9 11.4 
plus Diamond 81 2347 29.0 224 2.8 972 12.0 1020 12.6 6 6.9 
cowpeas Lucile 85 1826 21.5 182 2.1 996 11.7 401 4.7 4 4.5 
Totals 236 7058 623 2767 2658 19 
Means 29.9 2.6 11.7 11.3 7.5 
Clean Concord 53 2265 39.1 174 3.0 635 10.9 1161 20.0 1 1.7 
plus Diamond 39 1304 33.4 120 3.8 468 12.0 752 19.3 0 0.0 
mulch Lucile 47 1228 26.1 95 2.0 556 11.8 392 8.3 2 4.1 
Totals 144 4797 389 1659 2305 3 
Means 33,3 2.7 11.5 16.0 2.0 
Partial Concord 156 6489 41.6 471 3.0 1806 11.6 5177 20.4 7 4.3 
Diamond 130 4043 31.1 360 2.8 1653 12.7 1763 13.6 9 6.5 
Lucile 138 3814 27.6 299 2.2 1681 12.2 1436 10.4 5 5.5 
Totals W 14346 1X30 5140 
Means 33,8 2.7 12.1 15.0 4.7 
-Table lY# Sxcnnjary for All Roplications of Vai»iety-2^ reatnient Measiorernents 
of Jane, 1939 (Continued) 
• 
• cliumber: Shoot; Length : Basal Biasi. ;I^ o^. of Nodes: Side Branches : Number Deal 
Treatment;Variety;of : Total Mean ;Total Mean :Total Mean: Total Mean :Total Per 
• 
• ; Vines : (in.) (in. Hl/8 (1/8 • • (in.) (in.) m • Cent 
• 
« 
» • 
• « : in,) in.) • • • m 
Partial Concord 76 3168 41,7 229 2.9 889 11.3 1592 10.4 6 7.1 
plus Diamond 64 1992 31,1 183 2.9 820 12.8 1175 18.4 3 4.5 
cowoeas Lucile 54 1512 25.2 140 2.2 735 11.5 553 3.6 7 9.9 
Totals 204 6772 552 2444 5320 16 
Means 33«2 2.7 11.9 16,1 7.3 
MlniTrruiii Concord 120 2935 24,5 263 2.2 1175 9.8 566 4.7 16 11.8 
Diamond 110 2301 20,9 221 2.0 1134 10.3 379 3.4 7 6,0 
Lucile 107 1652 15.4 168 1.6 1011 9.4 209 2o0 24 18.3 
Totals 337 6888 652 3320 1154 47 
Means 20.4 1.9 9.8 3.4 12.2 
Grand Totals 1613 47875 4018 18528 18971 119 
Means 29«7 2»5 11»4 11»S 7«4 
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loiT^ ior by the niunbor of such 'branchGa. It wna not anticipated 
that the resulting mean, which is the theoretical total length 
of side branches per vine, v/ould show anything of significance, 
but it should not be overlooked that in nearly every case 
Concord ranlced first. Diamond second, and Lucile third# 
The i?oi''centage of vinea reported dead in June was in 2nost 
cases about the same as that reported the previous fall. Tliis 
shows that not wiany vines were lost through the winter. The 
greatest loss was by Luclles on miniiniuit cultivation, where 
13*2 per cent did not s\u:»vive the winter. This may have been 
duo to their woakened condition as Indicated by the earlier 
meaaurements. 
Although ill the past there have been many attempts to 
correlate the siae, particularly diameter and average length 
of Internode, of fruiting canea with yield (S,48',58) the re­
sults obtained by Faurot (22) and Partridge (45) 3.ndlcate that 
the weight of prunings may be a good criterion for predicting 
the yield of the following season. Assuming that such a record 
should indicate the general condition of vine development, the 
summarised data of Table V were obtained when the vines were 
pruned in November, 1939, In the first coluimi of this table 
is presented the percentage of all the vines of each variety 
which were large enotigh to prune. It is again evident that 
Concords showed the best performance and Luciles the poorest. 
Table V. StiEmary of MeasureEients Made in IJovember, 1939, Arranged for 
Comparison of Varieties 
Vines Weight Vines WeigSt LengtE Vines Total 
Treatment Variety Pmxned of Cut Back of of Dead Ktmiber 
(Per Prtmings (Per Cuttings Cuttings (Per of 
cent) (lbs.) cent) (lba«) (ins.) cent) Vines 
Clean Concord 77 .28 21 .12 41.5 2.1 95 
cultivation Diamond 40 .17 45 .07 62.0 15.4 91 
Lucile 26 .11 71 .07 26.5 3.3 90 
Glean plus 
mulch 
Clean pltis 
cowpeas 
Concord 85 .48 
Diamond 75 .22 
Lucile 41 .38 
Concord 78 .21 
Diamond 44 .17 
Lucile 30 • 09 
14 
25 
55 
11 
49 
65 
.18 1^ 9 • 0 1.7 59 
26 24,6 0.0 40 
08 20.3 4.1 49 
08 37.7 12.0 74 
10 57.5 7.0 86 
05 65.2 5.6 90 
Partial Concord 73 • 24 22 .07 47.5 5.4 162 
cultivation Diamond 44 .13 50 .06 52.0 6.7 137 
Lucile 28 .17 64 .07 60.0 7.8 142 
Partial Concord 72 .18 19 .08 29.0 8.1 83 
cultivation Diamond ,54 .11 38 .07 62.0 7.4 68 
plus cowpeas Lucile 36 .12 56 •06 61.0 9.1 77 
Minimum Concord 50 .07 36 .04 24.0 13.1 137 
cultivation Diamond 58 .06 56 .05 37.4 6.1 114 
Lucile 11 .05 69 .04 8.4 20.0 130 
All Concord 72 .24 20 .10 36.4 7.0 610 
treatments Diamond 49 .14 44 .10 49.2 6.6 536 
Lucile 28 .15 63 .06 48.4 8.3 578 
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while Diamonds were intermediate. The second column of this 
table shows that in general the variety liaving the largest 
proportion of satisfactory vines also produced the greatest 
v/elght of prunings. The weight of prunings is on a per vine 
basis for each of the varieties. 
The porcentagea of vines cut back (third column) are 
necessarily in reverse ordei* of the porcentagea of vines 
pruned* They indicate the proportion of vines which were 
too small for trellising. There seem to be no significant 
relationships between the weight of cuttings, or between 
the length of cuttings, (used to show the average length of 
canes where there was not enough material to weigh) for the 
three varieties. Except for Diamond under clean cultivation 
and Luclle under partial cultivation there was little or no 
increase in percentage of dead vinos after June, 1939, as 
is found by comparing Tables IV and V. The cause for the 
two exceptions was not determined. 
Comparison of Treatments 
The data from each sories of measurements have been sum­
marized (Tables VI, VII, and VIII) on the basis of all treat­
ments for each variety and for all varieties. Thus it la 
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seen that Table VI contains largely the rearranged percentages 
and moans of Tahle II, but a comparison of the weighted re­
sults fTom all the varieties xmder each treatment is also 
shown. There appear to be no significant differences in per­
centage of vinos measured or in average number of canes among 
treatments except that minimum cultivation shows much the low­
est value in every case. It is true, however, tliat in the 
first two coliums of the table the percentage of vines produc­
ing satisfactory growth and the mean number of canes prodiiced 
by such vines are In nearly every case highest on the clean 
cultivation and partial cultivation treatmehts. Except for 
Diamond under clean cultivation, it seems that cowpeas slightly 
reduce the average growth under the corresponding cultivation 
systems. This may be due to competition between the cover 
crop and the gi»apes. Any alleviating effect of an increase 
in soil nitrogen could hardly be expected until the legumes 
have decomposed, lliere are probably no important differences 
in the average length of canea in the third column nor in per­
centage of mortality as indicated in the fourth column. 
In Table VII the significance of differences botwoon the 
means for shoot length on each treatment In Jim©, 1939, is 
Indicated for each variety and for all varieties# Wlaile the 
data demonstrate that rainlmum cultivation is decidedly in­
ferior, the most important information to be obtained from 
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Table VI• Surmnary of Measurements Made 
In November, 1938, Arranged 
for Comparison of Treatment 
Effect 
I _: Vines : Canes, : Canes" rvines : Total 
Variety;Troatmentl;Moasured :Average:Average;Dead ;Humber 
; ; :number ;Length :(Per ;of 
i {(Per cent); ;( in*) : cent) {Vines 
Concord Clean 57 2.3 37.9 1.1 95 
Cln Cp 51 2.0 32.4 11.5 74 
Partial 53 2.1 34.0 4.9 162 
Part Op 52 1.4 34.8 7.2 83 
Mlniraum 3.6 1.0 34.0 12.4 137 
Diamond Clean 27 1.5 33.5 8.6 91 
Cln + Cp 30 1.2 39.8 7.0 86 
Partial 2Q 1.4 32.9 6.5 137 
Part T Cp 20 1.1 33.0 6.2 68 
Minimum 0,9 1.0 30.0 5.1 114 
Luclle Glean 19 2.2 36.4 3.3 90 
Cln * Cp 14 1.5 31.3 . 3.3 90 
Partial 24 1.8 35.6 3.5 142 
Part + cp 17 1.4 35.4 5.6 77 
Minimum 0.8 1.0 30.0 10.6 130 
All Clean 34 2.0 35.9 4.0 276 
Cln Cp 32 1.6 34.5 7.3 250 
Partial 35 1.8 34.2 3.9 441 
Part • Cp 30 1.3 34.4 5.8 228 
Minlmxim 1.8 1.0 31.3 9.4 381 
1. In this column Cln cp refers to Clean plua oowpeas > 
and Part * Cp refers to Partial pliis cowpeaa. 
Table YII. Comparison of Treatment Effect on the Basis of Shoot Length 
in June, 1938. 
Mean 
Variety Treatment Mean Mean Difference 
ins. Treatment ins. ins. 
Concord. Clean 39,5 Clean plus cowpeas 41.2 1.7 
n 39.5 Clean plus mulch 39.1 0.4 
n 39.5 Partial 41.6 2.1 ti 39.5 Partial plus coT^ j^eas 41.7 2.2 II 39.5 Minimum 24.5 15 . • 
Partial 41.6 Partial plus cowpeas 41.7 0.1 
n 41.6 Minimum 24.5 17. Kh:-
Diamond Clean 25.5 Clean plus cowpeas 29.0 2.5 
I! 26.5 Clean plus mulch 33.4 
II 26.5 Partial 31.1 4.6 
n 26.5 Partial plus coispeas 31.1 4.6 
n 26.5 Itttnimum 20.9 5 * 6-5Hr 
Partial 31.1 Partial plus cowpeas 31.1 0.0 
« 31.1 Minimum 20.9 10.2-5:-2-
Lucile Clean 24.3 Clean pltis cowpeas 21,5 2,8 
II 24.3 Clean plus mulch 26.1 1.8 
R 24.3 Partial 27.6 3.3 
n 24.3 Partial plus cowpeas 25.2 0.9 
n 24.3 Minimum 15.4 8.95H:-
Partial 27.6 Partial plus cowpeas 25.2 2.4 
!» 27.6 Minimum 15.4 12 . 2^ »^ '' 
All Clean 30.3 Clean plus cowpeas 29.9 0.4 
Varieties Clean 30.3 Clean plus mulch 33.3 3.0 H 30.3 Partial 33.8 3. 5"'^  
It 30.3 Partial pltis cowpeas 33.2 2.9 
n 30.3 Miniinum 20.4 9o 9^ "^ 
Partial 33.8 Partial plus cowpeas 33.2 0.6 
ti 33.8 Minimum 20.4 13.4^ H!-
Significant •5H5- Highly significant 
"• 45 "• 
this table seems to bo that other treatments are approximately 
as good as or a little better than clean cultivation. Mulch­
ing liad a alightly more pronounced effect on Diamonds than on 
either of the other varieties. Partial cultivation seemed to 
be a somewhat bettor soil management practice tlrnn clean cul­
tivation on the basis of mean shoot length. The use of cow-
peas apparently did not affect shoot growth. 
Reference to the means for all three varletlea in each 
treatment group of Table IV reveals that there is little indi­
cation of differonces attributable to treatment effect where 
measurements other than shoot length are considered. Tlie 
means for minimum cultivation are, however, obviously low. 
J'Tom the measurements made dvirlng November, 1939, (Table 
VIII) it can be seen that there was more vine growth on the 
mulched plots than on any of the others. This is shown both 
by the highest percentages of vines pruned and by the highest 
means for eight of prunings. Tiie other treatments, except 
minimum cultivation, produced similar results. Vvhother there 
is any signlflcanoe in the differences is doubtful, but by com­
paring the percentage of vines pruned on the plots whei'e cow-
peas were used with the percentages on the corresponding type 
of cultivation, without cowpeas, it is found that a greater 
proportion of the vines were large enough to prune on the 
plots where the cover crop had been used. However, in the 
Table VIII. Stnmnary of Measurernents Made in November, 1939, Arraiiged 
for CoHiparison of Treatment Effect 
Yines V/eiglit Vines Weiglit Length Vines Total 
Variety Treatment-^  Pnaned of Cut Back of of Dead Number 
(Per Primings (Per Cuttings Cuttings (Per of 
cent) (lbs. ) cent) (Iba.) (ins.) cent) Vines 
Concord 
Diamond 
Clean 77 .28 21 • 12 41.5 2.1 95 
Cln •> £fu 85 • 48 14 .18 39.0 1,7 59 
Cln + Cp 78 • 21 11 • 08 37.7 12^ 0 74 
Partial 73 .24 22 .07 47.5 4.9 162 
Part + Cp 72 .18 19 • 08 29.0 8.1 83 
Miniinum 50 .07 36 • 04 24.0 13.1 157 
Clean 40 • 17 45 • 07 62.0 15.4 91 
Cln * Mu 75 • 22 25 • 26 24.6 0.0 40 
Cln • Cp 44 • 17 49 • 10 57.5 7.0 86 
Partial 44 • 13 50 • 06 52,0 6.7 137 
Part + Cp 54 • 11 38 • 07 62.0 7.4 68 
Minimum 38 • 06 56 • 05 37.4 6.1 114 
a> 
Lucile Clean 26 .11 71 .07 26.5 3,3 90 
Cln • Mu 41 • 38 55 • 08 20.3 4.1 49 
Cln * Cp 30 • 09 64 .05 65.2 5.6 90 
Partial 28 • 17 64 .07 60^ 0 7.8 142 
Part + Cp 36 .12 56 .06 61.0 9.1 77 
Miniirrum 11 .05 69 .04 8.4 20.0 130 
Clean 47 .19 46 .09 43,3 6.9 276 
Cln + Mu 64 .36 31 .17 28.0 1.9 148 
Cln Cp 51 .16 41 .08 53.5 8,2 250 
Partial 48 .18 45 .07 5o. 2 6.6 441 
Part • Cp 54 .13 38 • 07 50.7 8.2 228 
MinlmuTn 31 .06 54 • 04 2o. 3 13.1 381 
1. In this column Cln + Mu refers to Clean plus milch, Cln Cp = Clean plus cowpeas, 
and Part * Cp = Partial plus coispeas. 
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second coli^ nn it is aoen that the weight of primlngo ms 
slightly loss on tho cov/poa treatment than on tho coinparahle 
system of tillage. Yiliile the percentages of vines cut Imck 
tanked in approximately reverse order of the ranking of vines 
pruned as mentioned in connection with similar comparisons in 
Table V, tho mean weight of cuttings was in every case highest 
on the mulched plots# The low degree of mortality where mulch 
v;aa used, shown by the percentage of vines dead, may be slg~ 
nificant, especially when it is observed than no vines were 
lost after the June, 1939, measurement (Table lY). 
An attempt was made to determine the influence of treat­
ment on tho underground parts of the grapes by excavating 
enough of the root systems to show tho general distribution 
of the absorbing roots • In the fall of 1938 preliminary work 
of this kind was started# At that time the method which was 
employed on a greater scale in 1939 was developed# It was 
found that by starting a trench on tho downliill aide of the 
vine advantage could be taken of tho slope, and the roots 
exposed so tliat relatively clear photographs of them co\ild be 
obtained. In this way much time was saved both in excavartion 
and in recording the results. The results of a few of these 
atu.dies are shown in Figures 9 to 17 inclusive. By comparing 
Figures 11, 14, and 16, which show the roots of a Concord, a 
Diamond, and a Lucile respectively on minimum cultivation with 
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Figure 9 Roots of a Concord vine at the end of the 
first season under clean cultivation. 
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Plgm*© 10« The roots of a Ooncord grape which has been 
\3nder partial cultivation for two seasons. 
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PiguTO 11. The root syatera of a Conoord vine Nwhlch 
has been omder minimum cultivation for 
tv/o growing seasons. 
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Figure 12. Showing the root system of a Diamond 
tvjo years old under clean cultivation. 
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Figure 13# The root system of a Diamond grape which 
has been under partial cultivation for 
two years. 
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Fijsure 14. Showing the roots of a Diamond grapo 
at the end of its second season imder 
minimtiin cultivation. 
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Figure 15« Showing the roots of a Luoile vine after 
two SQaaons vindor c3.oan cviltivation. Tlie 
grcisQ shovm in the pictiu''o grew after culti­
vation \ms discontinued three montho earlier. 
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Figure 16. Showing the roota of a Lucile grape two 
yoara old under minlmiAin cultivation# 
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Figure 17# Showing the partially excavated roots of a 
Luclle grape two years old under partial 
cultivation. 
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the roots of oach of these varieties on clean cultivation 
(Figures 9, 12, and 15) and on partial cultivation (Figvires 
10, 13, and 17), it laay bo seen that there is a tendency for 
the roots to be deeper and leas widely distributed where the 
first-mentioned treatment was used# There was evidence of 
root competition where other plants grew near the vinos. In 
nearly every case, it was found that the largest proportion 
of the vine roots on both partial and clean cultivation tended 
to develop in line with the row or under the cultivated 
soil above the row; in nearly every case the absorbing roots 
were found to be largely in the tipper 18 Inches of soUb 
Although it is beyond the scope of this problem to make 
detailed measurements of runoff and erosion, the practice was 
followed of examining the vineyards after rains, especially 
those of great intensity, Tlie largest qiiantity of soil and 
water was observed to be lost during the first season, before 
the contour furrows liad become sufficiently stabilized* Dur­
ing the summer of 1938 it was frequently necessary to repair 
breaks in the furrows and to construct small daraa across thom 
in low places. But in 1939 the soil in the furrows had bocome 
well enough settled to hold a large proportion of the water 
which othor\vise might have been lost as runoff# Even in the 
severe rainstorm of August 10, 1939, relatively little serious 
erosion was observed (Figures 18 and 19). During tloat storm 
(Figure 22) there was an accumulation of 2.8 inches of rain 
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during the first hour, and according to Yarnell (76) a rain­
fall of such Intensity may "be expected in southeastern Iowa 
only once In 50 years. 
It was obvious that tho treatment whicli th© least runoff 
was ©zporienced was that of minimum cultivation, while clean 
ctiltlvatlon seemed to lose tho most soil and vjater. It was 
soon evident that there was a distinct advantage in having 
the steepest part of the intor-rov; space covered with vegeta­
tion, as it was in partial cultivation. 
Comparison of the Environment of the 
Vineyards 
Climate 
As mentioned in an earlier section, detailed measurements 
of ollniatic factors have been recorded for four different 
slopes on the Hillculture lixperlmental Farm. Station 1 is 
located on an east slope approximately one-half of a mile 
south of station 4 which is on the south slope in vineyard 1 
(Figure 1}« Station 2 is nearly 700 feet east of station 1 
and la on a slope facing tho west. Station 3 is on tho north 
slope at the north edge of vineyard 5. V'/hile a part of the 
records are included in this report, reference to the more 
detailed comparisons of the data by Ailamn (1) is suggested. 
Figure 20 shows a graphic representation of temperature and 
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Fleure 18. The third furrow from the hill top in 
Vineyard 1 after the sovoro rain atorra 
of A-uguat 10, 1939, showing that some 
water and soil was lost tliroiagh the 
break in the f-urrow» The lines along 
the furrow beyond the break show where 
water has stood before infiltrating into 
the soil. 
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Figure 19. Tha furrow at tlio bottom of vineyard 1 
(there are eleven furrows above it), 
showing little evidence of severe erosion 
after the intense rain of Au^ sust 10, 1939. 
The sediment caught "by the furrov/ can be 
seen in the photograph. 
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procipitation data for the last seven months of 1930, In 
the fovij cases vjhero rocords for Individual stations are not 
indicated, no record vnas obtained "bocauoe of the ahsenoe of 
the necessary recoi'ding instrwaent. 
Precipitation Is shown in the lower part of the graph. 
The seemingly inconsistent differences betx'ieen ralnfa,ll 
raeasuped at the several stations are due to local differences 
in the intensity of showers and to the relative protection 
afforded by the slope with respect to the direction of the 
v/lnd during a particular storm. The total precipitation for 
each of the stations showing records for all seven months Is 
as follows: station 1^  25.34 inches; station 2, 24.48 Inches; 
station 4, 26.65 inches. 
Soil temperatures at a depth of two inches are represented 
in the center of the figure. 'Ilie lowest part of each vertical 
bar indicates the lowest temperature recorded for the month, 
and the top of each bar indicates the maximum temperature for 
the same month. Ilie monthly average of the mean day tempera­
tures and the corresponding averages foi"* night temperatures 
are indicated by symbol In the bar showing monthly range. Mean 
temperatures were based on readings from thermograph cliai'ta 
divided into two~hour Intervals (29). Tlie number of readings 
for day or night were adjusted according to length of day or 
night were adjuabed according to length of day for the season. 
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Plgxire 20. Graph showing records of precipitation 
and air and soil temperatures for May to 
December, 1938. Bars indicating temper­
ature show range for each month. 
- 63 -
The data indicate that the soil at station 4 (south alopo) 
was tho warmoat, with station 2 (v<ost slope) ranking secoiad, 
station 1 (oast slope) third, and station 3 (north slope) 
fourth. 
Air temperatures for the last six months of 1938 are 
shown in the upper series of hars# Hie same explaioation as 
has heon given for the soil temperature graph applies to air 
temperature representations. At first examination the averages 
and extremes appear qxieationahlo. Tlie night temperatures for 
tho north slope (station 3) are often higher than are those for 
the south slope. Tlie probable reasons for the difference are 
the greater degree of protection by vegetation at station 3 
and the elevation of the stations# Station 4 is located low 
enoixgh on Its slope to be influenced by the dov;nward movement 
of cool air at night, particularly diiring the sT-immer months. 
The east slope seems to have been most consistently the cool­
est, vSille the west slope was the warmest. 
Similar weather data for all 12 months of 1939 are shown 
in Flgxire 21. In general the remarks with respect to the 1938 
data are applicable also to the 1939 records. The total precip­
itation recorded for station 1 was 26.86, for station 2, 29.15, 
and for station 4, 25.37. Since moat storms in tho vicinity 
have been observed to approach from the northwest, this probably 
explains the lower record for the east slope and for the south 
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slope than for the wost slope. 
Althoiigh it was not possible to compare the data for 
the first six months of the tv/o years, a comparison of the 
second six months showod, that in general the mean day and 
night temporaturos were higher in the fall and vi/intor months 
of 1939 than In 1938» Tlie rnaximtirti teraporatxtres as well were 
groat ex* in 1939 than in 1938 but the first frost occurred 
almost a month earlier in 1939 than in 1938. The stmmier 
months of 1939 showed lower temperatures tlian did those of 
1938» In September, 1938 and for all of the last four months 
of 1939 the precipitation was abnormally low* 
Since it was considered advisable to determine the rela­
tionship of the local climate to other parts of the United 
States, the data from the weather observation station at 
Bloomfleld including 21-year records was used as a basis for 
classifying the cliiTBte accordin^  ^to the system of Tliornthwaite 
(62)41 For the procedure followed in determining the indices 
used the above citation should be consulted. Although Thornth-
waite'Q (6S) mothoda should be baaed only upon records over a 
long period of years, the 1939 data for the stations from the 
ey-perlmental farm and from Bloomfleld have also been riaed 
(Table IX) to make comparison's for tliat year. 
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Tablo IX. Climatic Data Classified Accordiiig to 
the System of Thornthwaite (62) 
5p/is ; 5 months i Total st/e 2 . 
Sovcpoe ofixndoy. :vjith high-:3-month : index I Oliinate-^  
data ; ,oat total ;p/e : . 
Bloomfield 
all-time 72»4 
normal 
April 
May 
June 
20.8 60.7 BC'r 9 
Bloomfield 
1939 68.1 
February 
March 
April 
32.2 66.3 BB'r 6 
Station 1 
1939 65»1 
(east slope) 
Jxme 
July 
August 
25.6 60.4 BC'r 9 
Station 2 
1939 64.7 
(west slope) 
June 
July 
August 
25.8 . 64.1 
BB'r<l= 
to 
BC'r 
6 
to 
9 
Station 3 
1939 62.0 
(north slope) 
Pebrua3?y 
March 
April 
27.0 61.8 CC»r 
Station 4 
1939 58.4 
(south slope) 
February 
March 
April 
25,9 63.6 
OB'r 
to 
CC'r 
14 
liB' 
2. t/e is a value laiown as the toiiiporature-effloienoy index. 
3» Tlie first letter refers to the relative value of the p/e 
index; the second letter to the t/e indoxj and the third 
letter indicates seasonal distribution of precipitation. 
The underlined numbers following the lebtera indicate the 
regions on Thornthwaite's climatic map of North America (62). 
4, Where some of the values approached the borderline for dis-
tingtiishin^ i climates, both climates are indicated. The 
upper symbol in each case refers to the climate acttially 
represented by the values. 
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According to this system, the normal cllnrnt© for Davis 
county, Iowa, is noar the borderline between the cliinato of 
the Groat Ijakes region and the cliwate of the states south 
of Iowa to the Gxilf of Mexico. It lo interesting in this 
connection to observe that Wagner (68), in a discnosion of the 
suitability for grape growing of the region incl-udln^ ; Iowa, 
.made the statement that Iowa is in a district which is an 
extension of that adjacent to the Great Lakes v/ithout the 
benefit of the lakes. 'Kie classification Indicates tlxat for 
1939 the east and v?e8t slopes were approxiraately norraal for 
this section, while on the north slope conditions normal for 
the northern part of Iowa prevailed. Temperature and precipi­
tation on the south slope indicated that the condition was 
similar to the climate of east central Kansas and southward, 
but the values approached those for the climate of northern 
Iowa. 
Since rainfall of high intensity is Important as a factor 
in accelerated rimoff and erosion, the rainfall curves of the 
storms in which more than one-lxalf inch of rain fell in one 
hour diaring 1939 are shown in Flic^ \iro 22, Moot of the stonna 
indicated have an expected rate of occurrence of once in two 
years or less according to Yarnell (76). The high intensity 
of the rainfall during the storm of August 10, 1939, however, 
lias an expectancy of only once in 50 years for southern Iowa. 
Within the first hotir of that stonn there was an accuraulatlon 
Aug 7 1939 Mbn II1939 
Aug 101939 June 211939 
Jbly 3 1939 
Aug 22 1939 Jbly 25 1939 
Oct 26 1939 Aug 6:1939 
Hours 
PigtD?e 22» Accunnilation ctLPves for intense rains of 1939 
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of 2,8 Inchoa of ralxi. 
Soil 
The fjoll typo, as montloned oarllor, is chiefly Lindley 
loam. Most of it \ms badly eroded before the initiatloii of 
these stiwiieaj, but in only a few places, on the steepest 
slopes, did the vines seem wealc because of influences attri­
butable only to soil conditions# There were a fev> localised 
areas In both vineyard 2 and vineyard 3 v?hore the vines de­
veloped ijoorly without regard to variety or to treatment. 
V/hether or not this effect was caused by physical conditions 
of the soil unfavorable to plant growth has not been deter-
mlnodw The most consistently good vine growth was obtained 
in vineyard 1, \izliioh had previously been under blue grass 
(Pqa prat ens Is L.) sod. The least erosion had oocxirrod in 
that vineyard. 
During 1938 soil moisture samples were taken periodically 
from four stations in vineyards 1, 2, and 3. The data are 
represented graphically in flgiu:»e 23. Although it has been 
observed (59) that it is difficult to deinonstrato the im-
potindln^  of precipitation by any Increase in soil moisttire 
where f\u?rows have boon used as against similar conditions 
whore there are no furrows, it can bo seen in the graph that 
higher porcentagos of soil molstiare at the lower depths were 
fomd In the fui'rowed area (station 3b) previous to July 12. 
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Affcer July 12 the raoist"ure In. all aroaa bocarae depleted, to 
about the same level. In the late summer all of the subsoil 
became so dry that it was sometimes impossible to obtain 
samples. A previous report (59) has mentioned that an increase 
in sise and abundance of vegetation on contoiu?-furrowed treat­
ments nay be partially responsible for this effect. That is, 
a larger part of the soil moisture would be removed from the 
soil supporting a greater quantity of vegetation. It is also 
likely that greater differences in favor of the furrowed area 
might have been obtained had not the tillage operations on 
the non-furrowed rows given a furrowing effect. Although no 
definite furrow was constructed on the non-.t\irrowed area 
the same type of cultivation, partial cultivation, was used 
in order to make the two stations more comparable. This cul­
tivation was done on the contour, and the results may indicate 
that nonually a definite furrow is not altogether necessary. 
However, it still seoms advisable to maintain a furrow for re -
tarding or preventing run off from infcense rains. 
The lower moiatui'e level at stations 1 and 2 ,  in compari­
son with tliat at the stations in vineyard 3, is probably best 
explained by stating that they are located on a somewhat steeper 
slope than are the latter. 
The 1939 soil moisture records as shown in figure 24 again 
show little differences between the furrowed and non-furrowed 
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areas in vlneyai'd 2. There is also little change in the re­
lationships among stations 1 to 4 incluaive. The stations 
8a and Bb are shown to have containod the highest percentages 
of soil moisture. Hie reason for this was not determined. 
That the soil probably contained more tlian a favorable per­
centage of moisture is indicated by the poor development of 
the vines in that part of vineyard 4 on which these two sta­
tions wore located. 
In order to find how much variation could be expected 
in the moisture percentage of the soil v^ ithin ono of bhe 
vineyards, samples were taken in August, 1959, in the middle 
of each variety group (six vines) on a row noar the center 
of vineyard 2, and other samples were taken at the same time 
on each treatment in a straight line from tlie top of the 
hill to the bottom. The diagrariiniatic representation of the 
relative positions from which the aamijles were taken with the 
moisture percentages of each is shown In Figure 25. The data 
show that at the time these samples were taken the soil imder 
minimum cultivation was the driest, while that under partial 
cultivation was intermediate and that which was under cloan 
cultivation containod the most moisture. It ahoiild be men­
tioned tiiat at the two locations indicated in tho lower part 
of tho figure for minimum cultivation and clean cultivation, 
thex*© was very little' slope, and this area frequently became 
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Figure 24» Graph showing soil moisture distribution at several 
locations in the vineyards for the growing season of 1939 
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water-logged ai'ter x-ains. It may be significant, however, 
that even in that aroa there •5';as loss molstiu?e In tho soil 
uaider nilnlrtiuni cultivation than in that tinder clean tillage. 
'Bie data further ahow that there is considerable variation 
in the raoiatiire within tho aaino row. 
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Discussion 
In fruit growing of any kind, succoss depends upon an 
intimate Imowledgo of t3ao plant, ita fruiting habits, its 
tolorance to climatic conditions, its soil requirements, and 
ito rosponae to treatment (18). It follows that the moat 
profitable cultural system should be discovered and put into 
uae. 'Hie system, however, which may give the greatest produc­
tion for a single year, or oven for a few years, may also be a 
management practice \vhioh will result in depletion of the soil 
and soil moisture. If the soil organic niattox'' and fertility 
are allowed to be v/asted, the long-time productiveness of 
perennial crop plants will bo reduced. Obviously a system of 
soil management which will give satisfactory returns and at 
the same time conserve the soil sho\ild be followed even though 
there is a seeming sacrifice of yield during the early life of 
the vineyard or orchard. 
Tiiat the experiments described in this report must be con­
tinued for a number of years is plainly evident» A treatment 
which has shovm iiodications of being relatively imfavorable may, 
in the long z»un, prove to be better than one which has ijermitted 
satisfactory vegetative growth of the young vines. 
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In order to show the trends of the varieties and treat­
ments tlxroij^ sh the first two years of vine growth, indices 
for each variety nnder each treatment liave been calculated for 
every series of itieasureraents (Table X and Pigm-'e 26). The 1938 
index was calculated on the basis of the theoretical total 
shoot growth in inches per hundred vines for all shoots of 
30 inches or longer* The June, 1939, index ia the mean length 
of intemode for the whole shoot. The Kovember, 1939 weight 
index is the sinn of the theoretical total weight of pruninga 
and the corresponding weight of cuttings per hundred vines. 
Under "mortality increase" is shown the percentage of vinos 
lost dtiring the year ending November, 1939. It should be 
added that because the data for November, 1939, were recalcu­
lated on a different basis after the graph was drawn, the 
representations for that data in Pigvire 26 dc not agree with 
Table X. » The values shown in the figiire represent the total 
percentage of dead vines and the index is a ratio of the 
theoretical weight of prunings per hundred vines to the 
corresponding weight of cuttings. The objection to the show­
ing of the total percentage of dead vinos is that there may 
be no indication of treatment effect shown. As was pointed 
out earlier it is believed tlaat the higher i)ercentagea in 
certain plots may Mve been due to some undetennined differ­
ence in handling the vines at planting time. The ratio seemed 
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Table X» Growth Indices Calculated PTom 
Moasurements for the Years 1938 
and 1939 
llovemborT3fune 1^ Noyeniber -
WQ igHi fMortallty 
Index :Increase 
(potmda) t (Per cent) 
Variety Treatment 1938 
Index 
;1939 
:Index 
i 
Concord 
Diamond 
Lucile 
All 
Clean 4968 3* 46 23. 08 1. 0 
Clean « mulch 3. 59 43. 32 0. 0 
Clean - cowpeas 3305 3. 61 17. 26 0. 5 
Partial 3784 3. 59 19. 06 0. 0 
Partla1-c owpeaa 2633 3. 56 14. 48 0. 9 
Minimum 122 2, 50 4. 94 0. 7 
All treatments 2772 3. 37 19. 28 0. 6 
Clean 1357 2, 37 9. 95 6. .8 
Clean ~ mulch 2. 78 23. 00 Oa ,0 
Clean - cowpeas 1433 2. 41 12. 38 0. .0 
Partial 1293 2. 44 8. 72 0. ,2 
Partial - cowpoas 726 2. 43 8. 60 1. ,2 
Minimum 27 2, 03 5. 08 1. ,0 
All treatments 1105 2. 37 11. 26 1. ,0 
Clean 1522 2. 11 7. 83 0, ,0 
Clean-mulch 2. 20 19. 98 0, .0 
Clean-cowpeas 657 1. 83 5. 90 2. ,3 
Partial 1538 2, .27 9. ,24 4, >3 
Partial-cowpeas 842 2. ,19 7. ,68 3, .5 
Minimum 84 1. ,63 5* 31 9. 14 
All treatments 1005 2. ,05 7. ,98 3< ,2 
Clean 2800 2, ,64 13, ,07 2, 9 
Clean - mulch 2,  .84 28, .27 0, .0 
Clean - covspeas 1772 2, .61 11, .44 0. ,9 
Partial 2155 2,  .75 11. 79 2, .7 
Partlal-cowpeas 1344 2, ,72 10, .06 2, .4 
Minim-um 56 2i  •06 4. 02 3 .7 
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Figiire 26. GraBlaical representation of growttL indices shown 
in Table X 
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to be objectionable, since In a few cases when the theoretical 
weight of cuttings was very lov?, the ratio seemed disproportion­
ately large. Tlaese indices were computed for the purpose of 
giving a numerical value to combinations of two or more of the 
criteria measured. 
1/Vhile Concord ranks highest under each treatment for all 
tliroe combinations of measurements according to the first, 
second and third column of the table. Diamond surpasses Lucile 
in all corresponding values for 1939. However, the rating of 
Lucile is higher than that for Diamond \ander clean cultivation 
in 1938. The same holds true for partial cultivation in 1938. 
Except for Diamond under clean cultivation plus cowpoas 
in 1938, all the cowpea treatments for tliat year show that 
there was a reduction of growth from the corresponding type of 
cultivation without a cowpea cover croiD. This trend is apparent­
ly reflected in the mean length of Internodes for June, 1939. 
All of these latter values seem low becaiise all internodes of 
the main shoot including the distinguishable small ones near 
the growing tip were counted. There was also a slight reduc­
tion in vegetative grov/th on the cover crop plots in Hovember, 
1939, but it is possible that continued use of the legumes will 
increase the nitrogen content of the soil or at least maintain 
it (if It is not a limiting factor) at such a level that the 
vines under this treatment may prod^ c^e satisfactory growth. 
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There seems to be a distinct increase in wood production 
on the mulched plots. \';'hothor this is desirable or not v/ill 
not bo Icnomi until data on yield can be obtained* The results 
of other oxperiraents (22, 73) have shown that where mulch is 
used the grapevines may become too vegetative and unfruitful. 
It Is probable that the mulch conserves soil moisture continuous­
ly to such a degree tliat vegetative growth is not sufficiently 
limited and differentiation of fruit b\ids is inhibited. That 
no vinos were lost on any of the mulched plots (indicated by a 
sero Increase in mortality in Table X) is imx>ortant» 
If partial cultivation continues to ranlc with clean tillage, 
especially where legumes can be used as at least part of the 
vegetative cover, this system should provide a suitable con­
servative method for grape prodxiction on hilly land. It should 
bo mentioned in this respect that during the first two years of 
those experiments, imich of the pernianont cover for the partial 
cultivation plots has consisted of Korean lespedeza (Lespedeaa 
stlpulacea, Maxim.) and it would be difficult to over-rate the 
advantages of this kind of cover on the basis of its past record. 
In southern Iowa this annual legume reseeds itself quite satis­
factorily. Under these olimatic and soil conditions, it forms 
a low cover (about 10 inches high) which does not reach its 
maximum height mtil the latter part of July. (Its low, compact 
growth and relatively small leaf area probably prevent its being 
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a serious competitor for soil moisttu'e.) It may bo kei)t mowed 
and yet will produce seed close to tho ground. 
The adverse effect of minimum cultivation, as it was prac­
ticed, was so apparent blmt there is danger that it might too 
quickly be condemned. It may be that a particularly suitable 
permanent cover could be discovered which would satisfactorily 
hold tho soil and yet not interfere with vine development. Or 
further work might show that frequent cutting or ripping of the 
sod without completely destroying It would bo all tliat is 
needed. 
Although not enough records of root distribution have 
yet been obtained from which to draw definite conclusions as 
to the effect of treatment upon the underground parts of the 
vine, preliminary Investigations have shown that the roots of 
vinos under clean cultivation are evidently nearer tho sujcfaco 
and are more evenly dispersed through the soil than are those 
of vines under minimum cxiltivatioii. This is probably cavised by 
competition with nearby vegetation on plots having luiniYmxm 
cultivation. On the steeper slopes the greatest proportion of 
the roots appeared to be distributed along the grape row and 
under tho cultivated area above tho i-'ov; where clean cultivation 
was practiced. This was even more evident tinder partial culti­
vation. It is thoiJght that the reason partial cultivation per­
mitted vine growth to approximately tho same degree as did clean 
cultivation, was that most of the moisture supply to the vine 
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was rocoivod. from the soil vmdor th© area lying jn;ist above 
the row. 
Much of the literatioro dealing xvlth grape cultwe desoribos 
treatments and their effects on vine grovith, or shows the rela­
tive response of varieties to local conditions without incltid-
ins a record of local cliinatic or edai^ hic factors. VQiile it 
my be truo that factors of onvironmoxat have such complex inter­
relationships and ttiat their influence upon plant development 
is so thoroughly integrated as to deter the formation of defi­
nite conclusions regarding the expected response of vegetation, 
the magnitude of these factors can often be used in the predic­
tion of suitable locations for a particular crop, Ih.us the 
extremes of teiTipei''atui'o and the amount of or oeasanal distribu­
tion of precipitation may be deciding factors soverning the 
satisfactory development of a spocies or variety. Reports and 
observations which support this statement are Included in aljnost 
every report on this or related subjects. 
Prom records included in this report, it is evident that 
within a relatively smll area there niay be such wide differ­
ences in microclimatic conditions between two opposite slopes, 
for example, that each of the slopes iray be similar to a dif­
ferent broad imit of climate classification. This fact is on© 
which has a voi»y definite bearing on the selection of sites for 
growing perennial crops such as grapes. 
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Becatiso the soil on which those experiments were conducted 
was severely eroded, It is probable that even better growth of 
vines might havo been obtained on slopes where more of the top-
soil remained# V/hether or not the same relative effect of the 
treatments would havo been obtained on other soil conditions 
Is problematical* However, it Is probable that some similarity 
could be expected. 
It is clearly evident that much work remains to be done 
In correlating the Influence of odaphlc factors with vine de­
velopment. An attempt should be made to determine the effect 
of the various treatments directly upon the soil. 
Vi/hile the results of the present report should not be con­
sidered as conclusive, since they are based upon experiments 
in progress for only two years, a number of the observations have 
been so clear-ctit as to be at least indicative of development 
tliat might be expected for young vines xmdov similar circum­
stances. It is anticipated tlmt important findings may be ex­
pected with regai-d to variety-treatment effects on yield through 
a contlntiatlon of these or similar experiments. 
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SUMMARY 
!• Tests wore inado to dotormin© variety and treatment 
differences of American grapes on eroded land In soutliorn 
Iowa. This report covers response of the x»lants in growth 
tliroxi^ h tvjo years in yoting experimental vineyards# 
2. The aeven varieties planted. Included throe black 
grape varieties. Concord, Beta, and ?/orden, two red grapes, 
Lucilo and Agawam, and two white varieties. Diamond and 
Hiagara. The studies were based almost wholly on the response 
of Concord, Diamond, and Lucile grapes. Of these three varie­
ties, Concord was shown to rank highest in vegetative growth, 
while Diamond was second and Luoile third* 
3. Those three varieties wore subjected to six types of 
soil management, and measurements were obtained to determine 
the relative value of each treatment# 
4. By far the poorest vine growth resulted from minimum 
cultivation, vSiich consisted of plowing out a furrow above 
the vines at the beginning of each season, and occasional hoo-
Ing by hand, to restrain weed growth from an area approximate­
ly 30 inches in diameter immediately around the vines. 
5. Partial cultivation, consisting of careful tillage of 
nearly one-half the area between the rows and just above the 
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vines, permitted shoot growth which was about equal to that 
on vines tinder clean cultivation. Tlie remaining inter-row area 
on the downhill side of the vines was kept under a permanont 
vegetative cover. 
6, Clean cultivation, which is usiially advocated for grape 
culture, produced no "better results than did partial cultiva­
tion. 
7. There viias a slight reduction in shoot development where 
covvpeae were planted with clean cultivation or with partial 
cultivation after tillage was discontinued in the latter part 
of July each year. 
8t Root studies showed indications that oven wliere clean 
cultivation was used, the greater proportion of the underground 
parts of the vine develop in the soil on the contotir with or 
immediately uphill from the plant where the slope is steep. 
If this observation means tliat the greatest absorption by the 
roots takes place under the cultivated area uphill from each 
row, the similarity in vine response between clean cultivation 
and partial cultivation treatments is accounted for in part. 
9f Soil and water loss was probably lowest on the minimum 
cultivation plots, intermediate on partial cultivation, and 
highest on clean c ultivation. 
10, The climate for Davis County, Iowa, was found to cor­
respond to that of the states in the region of the Groat Lakes 
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on the basis of Thornthwalte's system of classification. But 
numerical indices calculated from temperature and precipita­
tion records, indicated that the climate approached the border­
line botwoon the above-mentioned climate and that for the states 
south of Iowa to the Gulf of Mexico* 
11. For 1939 it was found that the temperatiire and precipi­
tation records foi» four different slopes Indicated tliat wide 
variations in climatic conditions may be expected on slopes of 
various exposures. 
12. The soil, although much of it was badly eroded, was 
not found to be particularly unfavorable for grape growing. 
13. It was found to be difficult to show that more water 
was Impounded whore furrows wore used than on a similar lo­
cation not furrowed. Tliis may have been duo to the influence 
of a greater amount of vegetative growth where the soil was 
furrowed or to a fiu»rowing effect as the result of cultiva­
tion on the contoiAT. 
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